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Method and apparatus for treating pnlp 

The present invention relates to a method and apparatus for treating pulp. A prob- 
5 lem resulting in the development of the method and apparatus according to the in- 
vention becomes especially obvious during the feed and discharge of blow tanks 
used in connection with batch digesters. Thus, putting it more precisely, the 
method and apparatus according to the invention relate to the filling and discharg- 
ing of various pulp tanks and storage containers. 

10 

It is known from prior art that a so-called blow tank is used in connection with 
batch cooking departments. Contrary to continuous cooking, batch cooking is un- 
derstood to be a pulp production method in which the cooking department com- 
prises several digesters, most commonly 5 - 10 in one cooking department. Each 

15 of said digesters in turn is filled with chips and cooking chemicals which are al- 
lowed to effect the chips for a certain period of time, after which the digester is 
discharged to a so-called blow tank. The timing of the feedings and discharges of 
the digesters is effected so that the blow tank is filled at fairly regular intervals. 
The blow tank is meant to function as an intermediate storage, blow container, of 

20 the cooked pulp, from which the pulp is discharged in an even flow to the next, 
invariably continuously operating process. 

A problem discovered in operating said blow tanks is that the consistency of pulp 
being discharged from the blow tank does not remain within ranges required by the 

25 following process stage, i.e. the brown stock washing department. A reason for this 
is that each digester has its own way of discharging depending on e.g. the operator, 
the uniformity and execution of the cook in general as well as the raw wood mate- 
rial and pulp quality. During the discharge process, the consistency of the pulp may 
vary even between zero and ten per cent. A reason for this consistency variation is 

30 that in the beginning of the discharge process practically only liquor is discharged 
from the digester, because after the so-called final displacement which in modern 
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batch cooking processes is the last process prior to the discharge of the digester, 
there is a certain amount of displacement liquor in the bottom part of the digester. 
This is naturally discharged from the digester first, before the actual pulp. During 
the discharge, and more intensively towards the end of the discharge, the pulp has 
5 to be diluted in order to make it flow from the digester to the discharge pump. Just 
at the final stage of the discharge, the pulp has to be diluted even more, as the hy- 
drostatic pressure under which the pulp is discharged from the tank is substantially 
lower than in the beginning of the discharge due to low height of the pulp column. 

10 In the blow tank, the consistency variation often results in channeling of the pulp 
so that at various locations of the blow tank the consistency of the pulp alters to a 
large extent. Although the blow tank is provided with one or several mixers, our 
experience has shown that these are not capable of equalizing the consistency of 
the pulp in all conditions, but the pulp is discharged from the tank to the following 

15 process stage at an unsuitable consistency. In the worst case, the consistency of the 
pulp is decreased in the mixing zone of the tank far below the desired values. 

A second problem consists in filtration of the pulp to form a cake on the surface of 
the pulp existing in the blow tank. A direct reason for this is the lack of motion in 

20 the upper part of the mixing zone and the fact that the pulp being discharged from 
the digester always contains air and gases originating from the cook which are not 
easily removed from the pulp. This phenomenon is also dependent on the quality 
and type of pulp. Especially when running the tank in order to empty it or some- 
times even in normal running situations, depending on the surface level, said fil- 

25 trated pulp causes remarkable consistency variations when entering the mixing 
zone at the bottom part of the tank, which consistency variations can not be equal- 
ized in the mixing zone, but the pulp is discharged further at too high a consis- 
tency. 

30 Figure 1 illustrates the consistency variation of pulp during the blow of one di- 
gester. As already stated earlier, the consistency of the pulp varies to a great extent 
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during the discharge, being low both in the beginning and in the end due to rea- 
sons stated before. In the middle stage of the blow the consistency of the pulp may 
be in the order of ten per cent. The time interval between two blows is in the order 
of 20 - 40 minutes depending on the size and number of digesters. In our tests we 
5 have noticed that said interval of about half an hour is sufficient to cause the pulp 
on the surface in the blow tank to filtrate, i.e. thicken, whereby onto the surface of 
the pulp existing in the tank a relatively solid, and continuously solidifying, cake is 
formed. 

10 Figure 2a illustrates a case in which the digester is discharged to a blow tank via a 
conduit arranged at the upper end of the tank. In this case it is obvious that the pulp 
is discharged, if no auxiliary means distributing the flow are used, with considera- 
bly great force deep into the pulp already existing in the tank. Thus, in the one 
hand, the pulp filtered on the surface in the blow tank cannot at any stage enter the 

15 mixing zone, except if the tank is being run to empty it or to lower the surface 
level, but the pulp starts to be collected on the surface in the tank. At the worst 
case the pulp may start to deteriorate, if the hardened pulp cake remains in the tank 
for a long period of time. On the other hand, the dilute pulp discharged deep into 
the pulp existing in the tank forms a local agglomeration, which at some stage 

20 when the blow tank is being evenly discharged is suddenly discharged into the 
mixing zone decreasing the consistency of pulp being discharged from the tank to 
below the desired values. 

FI patents 98836 and 100011 deal partly with the same problem and suggest as a 
25 solution various apparatuses by means of which it is possible to somewhat restrict 
the downward flow of pulp entering the mixing zone or on the other hand fill the 
blow tank better than before. 

Said better filling of the blow tank is illustrated in fig. 2b where it can be seen how 
30 the apparatus according to FI patent 10001 1 is used to feed pulp into the tank via 
the bottom part of the tank to a certain altitude. Although said solution does help in 
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i 

i many problems related to the filling of the tank, Fig. 2b illustrates also a situation 

where dilute pulp is being discharged to the tank through the apparatus. This chan- 
! - nels directly from the inlet opening of the feeding apparatus towards the mixing 

: zone, resulting in principle in the same kind of situation as the solution according 

, ' 5 to Fig. 2a. 

j Naturally, when treating pulp, problems of the same kind appear not only in con- 

nection with blow tanks but elsewhere as well, e.g. in connection with pulp storage 
tanks at various stages of the pulp treatment process. 

10 

Said problems are suggested to be solved by an arrangement where part of the pulp 
is discharged into the tank via its upper part and part of the pulp through the lower 
part of the tank. Further, the pulp discharged via the upper part of the tank is in the 
upper part of the tank distributed evenly onto the whole cross section of the tank, 
15 whereby even the pulp discharged from the upper part of the tank is not capable of 
penetrating deep into the pulp existing in the tank, but stays on the surface of the 
pulp, thus ensuring that the consistency of the pulp remains uniform at various lo- 
cations in the storage tank and that the pulp flows evenly at a relatively uniform 
consistency downwards to the mixing zone. 

20 

The operating model described above solves a third problem, too, viz. a disadvan- 
tage related to the energy consumption of the filling of blow and storage tanks. It 
has namely been noticed that especially when the tanks are filled through an inlet 
opening arranged at the upper end of the tank only, remarkable amount of pumping 

25 energy is lost due to great fluctuations in the pulp level in the tank. Pumping the 
pulp to the altitude of the upper end of the tank and letting it drop from there to the 
bottom of the tank is mere waste of energy. By utilizing the solution according to 
the invention described above, part of the tank, according to a preferred example 
half of the tank, i.e. the bottom part of it, is filled substantially through a feed inlet 

30 at the bottom of the tank and only the upper part of the tank through a feed inlet 
located essentially at the upper end of the tank. When filling the tank through the 
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bottom thereof, at the bottom of the tank there is preferably provided a filling de- 
vice according to Fl-patent 100011 and accordingly at the upper end of the tank 
there is preferably provided a filling device according to Fl-application 971330. 
With the described method, about a third of the pumping energy is saved compared 
5 to filling the tank through the upper end, naturally depending on the average alti- 
tude level of the pulp in the tank. 

Other characterizing features of the method and apparatus according to the inven- 
tion are disclosed in the appended claims. 

In the following, the method and apparatus according to the invention are ex- 
plained in more detail with reference to the appended figures, of which 
Fig. 1 illustrates the change of discharge consistency in a discharge process of a 
prior art batch digester as a function of time, 
Fig. 2a illustrates a blow arrangement of a prior art batch digester, 
Fig. 2b illustrates a blow arrangement of a second prior art batch digester, 
Fig. 3 illustrates a solution according to a preferred embodiment of the invention 
applied to the blow arrangement for a batch digester. 

20 Figure 1 illustrates the consistency variation of the pulp during the blow of one di- 
gester. As already stated, the consistency is low both in the beginning and in the 
end of the discharge. In about the middle stage of the blow the consistency of the 
pulp may be in the order of about ten per cent. The time interval between two 
blows is about 20 - 40 minutes, depending on the size and number of digesters. In 

25 our studies we have noticed that said interval in the order of about half an hour is 
sufficient to cause the pulp on the surface in the blow tank to filtrate, or thicken, 
whereby a relatively solid, and continuously solidifying, pulp cake is formed onto 
the surface of the pulp already existing in the tank. One has to notice about the de- 
scribed figure that it is only an example of a batch digester and a blow as run by 

30 one operator. That is, each mill and each operator there and even each digester may 
produce different consistency profiles as a function of discharge time. 
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Figure 2a illustrates a case in which the digester 10 is discharged into a blow tank 
20 through a conduit 22 arranged at the upper end, more generally speaking in the 
upper part, of the tank. In this case it is obvious that if no auxiliary means distrib- 
uting the flow are used, the pulp is discharged with a considerable force deep into 
the pulp already existing in the tank 20. And so, on the one hand, the pulp S fil- 
trated on the surface in the blow tank 20 can not in any stage, except when running 
the tank 20 to empty it or to just lower the surface level, enter the mixing zone 24 
located in the lower part of the tank, but starts to be collected on top of the pulp 
existing in the tank 20 and to harden, forming a solid cake. The dilute pulp, some- 
times consisting of dilution liquor only, discharged deep into the pulp in the tank 
20, on the other hand, forms a local agglomeration which in some stage of the even 
discharge of the blow tank is suddenly discharged into the mixing zone 24, causing 
the consistency of the pulp being discharged from the tank 20 to line 26 to decrease 
15 to a value below the desired values. 

FI patents 98836 and 10001 1 deal partly with the same problem and suggest as a 
solution various apparatuses by means of which it is possible to somewhat restrict 
the downward flow of pulp entering the mixing zone 24 or, on the other hand, fill 
the blow tank 20 better than before. Said better way of filling the blow tank 20 is 
illustrated in Fig. 2b showing how by means of an apparatus 28 according to FI- 
patent 10001 1 pulp is fed into the tank 20 to a certain altitude via the bottom part 
of the tank. Said patent even suggests various possibilities of feeding pulp to dif- 
ferent altitudes of the tank. Although said solution does help in many problems 
25 related to the filling of the tank, Fig. 2b also illustrates a situation where dilute 
pulp is discharged into the tank 20 through the apparatus 28. This channels directly 
from the inlet opening of the feeding apparatus 28, which inlet opening is located 
above the mixing zone 24, towards said mixing zone, resulting in principle in the 
same kind of situation as the solution according to Fig. 2a. In other words, if the 
feeding apparatus 28 is not capable of feeding all pulp entering the tank reliably on 
top of the pulp already existing in the tank, or at least into the surface layer 
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of it, a permanent pulp layer S is left in the tank 20, which layer, constantly fil- 
trating, gets harder and thicker. As to the feeding apparatus 28, it may be further 
stated that, even if it were capable of discharging the pulp into the surface layer of 
the pulp in the tank, it can not prevent the pulp on the perimeter of the tank from 
5 filtrating, whereby it is quite possible that the surface pulp layer S on the perimeter 
of the tank remains in the tank for a long time, while the pulp in the central part of 
the tank is channeled relatively directly to the dilution zone. 

Figure 3 illustrates how each batch digester 10 in the cooking department is con- 

10 nected via a flow path 32 to a blow pump 34, which further feeds the pulp to be 
discharged to a pressure tube 36. A valve 38 is arranged in the pressure tube 36 by 
means of which valve the pulp flow may be distributed either to a feed pipe 40 or 
42 of the blow tank. The feed pipe 40 leads to the upper part of the blow tank 20, 
preferably, as illustrated in the figure, to the upper end, and feed pipe 42 to the 

15 lower part of the blow tank 20. Of course, in connection with the upper part of the 
tank, the pulp may be introduced via a pipe extending through a side wall of the 
tank as well, but even in that case so that the actual pulp feed from the pipe into the 
tank is practiced substantially in the vicinity of the upper end of the tank. The 
feeding apparatus 28 in the lower part of the tank 20 is preferably an apparatus ac- 

20 cording to FI patent 100011 illustrated already in connection with Fig. 2b, by 
means of which apparatus the feeding of the pulp into the tank is effected vertically 
upwards. In accordance with the invention, the valve 38 is controlled as a function 
of the consistency of the pulp preferably so that through the lower part of the blow 
tank 20, thick pulp is fed into the tank 20. The consistency range may be deter- 

25 mined to be e.g. over 1 - 3 %. Respectively, dilute pulp, having a consistency of 
e.g. below 1 - 3 %, is fed into the blow tank 20 through the upper part thereof 

According to a preferred embodiment of the invention, the feeding apparatuses of 
the upper part of the tank 20 comprise an apparatus schematically illustrated under 
30 reference number 44, which apparatus distributes the pulp essentially to the whole 
cross section of the tank 20. This apparatus may be for example of the kind de- 



WO 00/49222 



PCT/FI00/00067 



scribed in FI patent application 971330. The main objective of the apparatus 44 is 
to direct the flow of the pulp fed into the tank so that the flow can not be dis- 
charged with a great force directly downwards penetrating deep into the pulp al- 
ready existing in the tank 20, but is distributed on top of the pulp already existing 
5 in the tank 20, thus keeping the consistency of the surface layer L of the pulp low. 
By leading the dilute pulp in this way onto the pulp in the tank 20, essentially onto 
the whole cross section of the tank 20, it can be considered sure that, on the one 
hand, the pulp L on the pulp column can at no location of the cross section of the 
tank 20 be filtered excessively and, on the other hand, no part of the pulp is left in 
10 the tank for too long a time, but is evenly discharged from the tank 20. 

One way of controlling said valve 38 is to utilize the consistency profile of Fig. 1. 
Thus, e.g., if it is desirable to feed the pulp at a consistency of less than 2 % 
through the upper part of the tank 20 onto the pulp already existing in the tank 20 

15 and the pulp at a consistency of over 2 % through the bottom part of the tank 20, 
the valve 38 is controlled so that when the discharge of the digester 10 initiates, the 
valve will immediately start to direct the pulp flow to the feed pipe 40 going to the 
upper part of the tank 20. According to Fig. 1, as about 5 minutes have passed 
from the beginning of the discharge of the digester 10, the valve 38 is turned either 

20 manually or automatically to a position by which the blow flow is guided via the 
feed pipe 42 through the lower part of the tank 20, preferably utilizing the feeding 
apparatus 28, into the tank 20. Further, when about 25 minutes have passed from 
the beginning of the discharge of the digester 10, the valve 38 is turned back to a 
position by which the blow flow is guided to the upper part of the tank 20. 

25 

Another possible method of controlling the valve 38 is to arrange a consistency 
detector in the blow line 32, 34 or 36 of the digesters 10, which detector guides the 
valve 38 automatically or on the basis of which the valve 38 is guided manually. In 
that case it is obvious that monitoring the consistency relatively easily leads to 
30 automatical control of the valve 38. And further, it is possible to monitor the con- 
sistency by monitoring e.g. the power requirement of the blow pump 34. It is a 
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known fact that the power requirement of a centrifugal pump is directly propor- 
tional to the consistency of the pulp. To put it differently, when the input power of 
the pump 34 rises over a certain value, it means that the consistency in line 32 - 36 
has increased over the desired value and the valve must be turned to another posi- 
5 tion. The ratio of the input power of the pump to the consistency of the pulp may 
be determined e.g. in connection with the implementation or manufacturing of the 
pump or even with test runs performed when designing the pump model. 

It is also obvious that the valve 38 may also be replaced by valves positioned in 
10 both feed pipes 40 and 42, which valves are controlled to effect the model of func- 
tioning described above. Further, if there is a doubt that the valves may get 
clogged, it is possible to arrange at the beginning end of feed pipes 40 and 42, as a 
matter of fact in the distribution point of the flow a special distribution device, e.g. 
the one described in US-patent 4964950 specifically planned to be used in pipe- 
1 5 lines for thick pulp. 

There are still other possibilities for determining the consistency. One method is to 
use in the discharge pipe a consistency transducer that in principle belongs to prior 
art, but the object of application thereof has proved to be very complicated due to 
20 e.g. the gases existing in the pulp. One possible option is the use of newer consis- 
tency meters based on e.g. ultrasound or radioactive signals, which provide for suf- 
ficiently reliable consistency detection. It is worth remembering that the consis- 
tency value in this operation needs not be anything else than reference value. 

25 Still another method is to arrange in connection with the discharge pump informa- 
tion technology to such an extent that on the basis of the operating parameters, e.g. 
power input, of the pump it is possible to determine the changes in the consistency 
of the pulp. However, air and other gases in large amounts confuse the situation. 

30 The amount of gas in the pulp pumped by the pump may be estimated if the pump 
is provided with gas-separation means. In that case, by e.g. keeping the suction of 
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the gas-removal constant, on the basis of earlier test runs the total amount of gas 
in the pulp may be calculated from the amount of gas being discharged due to said 
suction. 

5 Yet another possibility is a pre-programmed digester discharge curve and the de- 
termining of the consistency by calculating on the base of the liquor amount pass- 
ing through the dilution liquor valves, which methods are in principle possible, but 
somewhat less exact than the techniques described above. 

10 Still further ways of determining the consistency are offered by various devices 
based on process tomography which allow for the determination of both the con- 
sistency and the gas-content of the pulp. 

In addition to the blow of a batch digester, the consistency of the pulp may vary 
15 during the process e.g. in connection with various presses, washers and/or various 
dilution devices to such an extent that the use of the apparatus according to the in- 
vention for filling the tank is well-founded. 

If it comes to the solution of energy consumption only, the valve 38 or valves sub- 
20 stituting it may be controlled based on e.g. information received from a surface 
level indicator of the tank. 

As noticed from the above, a method and apparatus have been developed which 
solve the problems of prior art and by means of which e.g. the discharge of a batch 

25 digester and the further treatment of pulp discharged from the digester to the blow 
tank may be optimized so that the consistency of pulp going from the blow tank to 
brown stock washing remains within the value required by the brown stock 
washer. One has to notice, though, that our invention is not limited to the discharge 
of a batch digester to a blow tank, nor to the use of any special apparatus meant for 

30 consistency measurement. It has to be noticed that the described application of the 
invention to batch digesters must be understood as an exemplary application with 
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no intention to restrict the invention to a narrower scope than described in the 
claims. Thus, the invention is applicable to be used in connection with any blow, 
storage or the like tank in the process, in which the same type of problems have 
been found. And accordingly, some preferable embodiments of the invention only 
5 utilize a process variable that is effected by the consistency of the pulp. In other 
words, numeric data on the consistency itself is not needed at any stage when ap- 
plying the invention, but only an indication of the change of the consistency is 
needed. Thus, it is enough to arrange in the pulp flow pipe or in connection with it 
a device or member responding to the consistency of the pulp flowing in the pipe. 



